One of the models that combine time and inter-location elements is Generalized Space Time Autoregressive (GSTAR) model. GSTAR model involving exogenous variables is GSTAR-X model. The exogenous variables which are used in GSTAR-X model can be both metrical and non-metrical data. The case study of this research is the forecasting of precipitation, which is the exogenous variable is non-metrical data of precipitation intensity of a certain location. The approach of parameter estimation method employed by Seemingly Unrelated Regression (SUR) model, which can solve the correlation between residual models. Now, the phenomenon of precipitation possesses patterns and characteristics is difficult to identify, and can be interpreted as a non-linear model. The non-linear model is much developed by Neural Network (NN). This research employed GSTARX-SUR modelling with neural network approach on residuals. The data used in this research were the records of 10-day precipitations in four regions in West Java, namely Cisondari, Lembang, Cianjur, and Gunung Mas, from 2005 to 2015. The GSTARX-SUR NN modelling resulted in precipitation deviation average of the forecast and the actual data at 4.1385 mm. This means that this model can be used as an alternative in forecasting precipitation.
INTRODUCTION
Multivariate time series analysis has been implemented in forecasting since there are many problems that cannot be solved with univariate forecasting [1] . One of them is Space Time Autoregressive (STAR) model that was first introduced by Pfeifer and Deutsch [2] . That model considers the element of time and location. The STAR model was developed by Ruchjana [3] to be a more general model for all locations, which is known as the Generalized Space Time Autoregressive (GSTAR).
In time series model, there is a model that contains exogenous variables, namely ARIMAX and VARIMAX. Similarly, space time model has GSTARX model. Exogenous variable which is used in GSTAR model can be in a form of metrical data and non-metrical data. Some researches on GSTAR using exogenous variables with metrical data are Kurnia, et al [4] and Astuti, et al [5] , while that of exogenous variable with non-metrical data are Ditago, et al [6] and Suhartono, et al [7] .
One of the methods in estimating the parameter in multivariate analysis is Seemingly Unrelated Regression (SUR) [8] [9] . Parameter estimation of GSTAR model with Ordinary Least Square method conducted by Ruchjana [3] found residuals which are mostly correlated and thus the estimation value acquired is not efficient [10] .
One of the non-linear phenomena is precipitation. Currently, precipitation possesses patterns which are difficult to be identified and predicted. Neural network model is a non-linear model which has been commonly developed. Some researches which implement neural network in space time model are Suhartono [11] and Sulistyono, et al [12] . These researches employed GSTARX-SUR-NN modelling aiming at acquiring accurate forecast.
METHODS
The data used in this research include 10-day precipitation data in four locations in West Java, namely Cisondari, Lembang, Cianjur, and Gunung Mas regions. The period of precipitation data used is from 2005 to 2015, resulting in 360 observations from each observed region.
The exogenous variable used is dummy variable. There are four dummy variables employed, namely precipitation of more than 20 mm in Cisondari, precipitation of more than 20 mm in Lembang, precipitation of more than 25 mm in Cianjur, and precipitation of more than 30 mm in Gunung Mas. The code of dummy variables is 1 if the data fill the criteria of four exogenous variable and 0 when the data do not. This ways is analog with the reasearch of Ditago [6] uses Ramadhan month criteria, in which the data in Ramadhan month are given 1 and 0 for the data in other months.
Location value used in the GSRARX modelling is the normalization value of cross correlation initially introduced by Suhartono and Atok [13] . The normalization value of cross correlation taking place in the corresponding lag [14] = 
where as the identity matrix with ( ) size and is the error variance from each equation for = and covariance error between equations ≠ . Therefore, estimation of parameter using SUR is shown in the equation below (2)
Essential components in the neural network model are the layer input, hidden layer, and output layer. Input layer used in this case is the residual of GSTAR-SUR model. This current research merely employs one hidden layer; however, the number of neurons used in the hidden layer is based on the lowest RMSE value. The output layer employed involves four variables. Resilient Algorithm backpropagation is used in estimating the neural network model. This algorithm has been employed in researches by Apriliyah, et al [16] and Fadil, et al [17] in estimating the sales of electricity load.
RESULTS AND DISCUSSION
The illustration of precipitation data plot in Cisondari, Lembang, Cianjur, and Gunung Mas is presented below. Figure 1 , it can be seen that the precipitation data patterns in these four different locations are randomly horizontal. Gunung Mas region has shown higher level of precipitation compared to those in the other three regions, with the precipitation of 50 mm being the highest. The highest precipitation in Cisondari is 28.15 mm; while precipitations in Lembang and Cianjur respectively are at 24.45 mm and 36.18 mm. The increase of precipitation in these four regions has happened in different time period and therefore it is hard to predict.
Precipitation data plot illustrated in Figure 1 shows that the data possess big variance. Therefore, Box-Cox transformation must be conducted in the precipitation data in the four regions. If the lambda in Box-Cox transformation equals to 1, the data can be classified as stationary against the variance. Precipitation data from the transformation based on Table 1 have shown to be variance stationary. It is then tested to find if the data are stationary against the average value. Dickey Fuller test result has shown that the stationary variance data are stationary against the average value. This means that differencing is not necessary. GSTAR model order is determined by the MPACF and MACF schemes; while spatial order used is order 1.
( a ) ( b ) Figure 2 . MPACF and MACF schemes Figure 2 .a is of a MPACF scheme and Figure 2 .b is of a MACF scheme. Figure 2 shows that MPACF scheme cuts off at lag 1 and MACF scheme possesses sinus wave pattern, so the model developed is autoregressive with lag 1 [18] . Therefore, in this research, the order of GSTARX-SUR model used is GSTARX-SUR (11) .
Neural network modelling is to be performed on the residuals from GSTARX model (11) . There are four inputs of input layers used, namely 1, −1 , 2, −1 , 3, −1 , 4, −1 . The inputs are layers used by Suhartono and Endharta [19] as one of the inputs in neural network modelling. There are four neurons in the output layer of some variables used in GSTARX-SUR (11) . Hidden layer is limited to 1 layer, where neuron used is limited to 1 to 10 neurons. The selection of the number of neurons used in hidden layer is drawn from the lowest RMSE value. NN (4, 10, 4) . The best architectural design for neural network based on the residual GSTARX-SUR model (11) is shown in Figure 3 . The already developed model is to be forecasted and compared to the actual data in order to find out whether or not the models are able to illustrate the real condition of precipitation in Cisondari, Lembang, Cianjur, and Gunung Mas. The result of precipitation forecast in Lembang has shown the lowest RMSE and MAD values. The average deviation of precipitation from the forecast result and the actual data of Lembang is only at 3.3882 mm. On the other hand, Gunung Mas has the highest RMSE value and precipitation average deviation from forecast result and actual data at 5.3882 mm.
CONCLUSION
The Model of precipitation forecasting in Cisondari, Lembang, Cianjur, and Gunung Mas that are formed with GSTARX-SUR (1 1 ) -NN (4,10,4) . Based on the value of forecasting in each location and compared by the actual data, the result of forecasting is good because the average of MAD value is 4.1385 mm, so GSTAX-SUR model with a neural network approach on the side can be used as a good alternative to predict precipitation.
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